Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


U.  S.  0£PT.  Of  /»GR}C0tTUR£  , 
LIBRARY 

MAR  1 2 1962 

CURRENT  StRIAL  RteOROS 


COOPERATIVE 
SNOW  MANAGEMENT 
RESEARCH 


SNOW  STUDY  AREAS  AND  SNOW  ZONE 
IN  CALIFORNIA,  I960 


June  30;  i960 


THIRD  PROGRESS  REPORT,  I959 


-60X 


CALIFORNIA  COOPERATIVE  SNOW  MANAGEMENT  RESEARCH'  ■ 


HENRY  Wc 


ANDERSON  and  LUCILLE  GoVRIC^DS 
Snow  Research:  Leader  and  Research  Forester, 
Division  of  Watershed  Management  Research 


U.  S.  Department  of  Agriculture,  Forest  Service, 
Pacific  Southwest  Forest  and  Range  Experiment  Station 

with  cooperation  of 


State  of  California,  Department  of  Water  Resources 


r.  XW:  ■ 

' 5.  • ’ ■ V ** 

-;  •■■-  * ■ ' >•■ 

■*, 

^ ' •V, , ■'•  * , • ' ■ » ' ‘ • '*^*'  "* 


’--*S  ■:  - 

’ 'i  » •-  ’ ‘V 

- ' ■ ’r’*-' ■ r;>>  ■■  "-iciJ.  ' ' 


:."A' 


■ - ' .:m^- 


).-N* 


c '-•  *,'■  f wi'V'’  Wl.  ■ '•'  ■»,  ■ V • » . ■ 


, . W^r  - 


*..-  J> 


* *r  I 


^ c 


CONTENTS 


Pages 

Index . . o . . o . o . . 1 

Si  ITTiTn  ^.T*y  ••o«o««»«eooo9«ooee*»«ooo 

Introduction . o . . . 97 

Kinds  of  Studies 97 

Individual  Studies.  . . . . . . . . 9^ 

1-1  Inventory  of  Sierra  Hydrologic  Characteristics  . 98 

1-2  Onion  Creek  Experimental  Watersheds 99 

1-3  Teakettle  Experimental  Watersheds  . 99 

1-4  Forest  Conditions  at  Snow  Courses  ...  ...  . 100 

1-5  Soil  Vegetation  Survey,  CSSL  101 

1-6  Basic  Meteorology  and  Snow,  CSSL 101 

1-7  Wind  Effects  on  Snow  102 

1-8  Hydrologic  Processes,  Onion  Creek  . 102 

1-9  Basic  Meteorology,  Teakettle  , . . . 103 

1-10  Water  Yield  from  Sierra 103 

1-11  Heat  and  Snow  in  Forests  104 

1-12  Castle  Creek  Streamflow  and  Sediment  o . . . . . I06 

I-I3  Winter  Evapotranspiration  Losses  , I08 

l-l4  Heat  Balance  in  Forests  I08 

I-I5  Summer  Evapotranspiration  Losses  I09 

I-I6  Swain  Mountain  Logging  Effects IO9 

I-I7  Sagehen  Creek  Fish  Habitat  Studies 110 

I-I8  Soil  Erodibility  and  Sedimentation  Ill 

I-I9  Losses  Related  to  Time  Following  Logging  ....  112 

1-20  Tests  of  Logging  and  Slash  Effects  . . . o . . . II3 

Organization , ll4 

Bibliography  of  Publications II6 

Appendices 120 


a«Kfti,;;:‘<- :/^  ;C  - 


i«r'  t3i?V"  • 5?  '•^.  > -•  ^'~'  -’‘¥  IH  ■}»#  ,tf  , I*  ’ • ^ - .«..  ^ 

■%  . ' IP  • • *',  " * -’■ ’-^  V ‘ '■  ^ 


::^:V  .4^1  - ;,. 

d .^4t : ;•  .1'  : '00m 


?,  -T>„ 


V4ji  ■ - v»:  ^ '>  • ’ I • |i£!;^  ^j:.y,g€^d?3^  ’ ' 6 J ■-: 


* *rir>'^Sf  <»^‘  '''-  "*■  ,'*f,..*' 


■Si¥>va*j'  ■ '■:  ’■K>».  'iSS: 
cr?mi,’  ' ; » s,  :^%s^ 


■%*  \ - ^!v 


-;.  r ' a.,'*'  .■• 

•■■•<'.  ■■  ■:> 

' ,-,  '* ;■  ' 

4^:^.  t 


4-j-lr.i- 


Subject 


Ablation^  daily^  CSSL  ------------------  13^-6 

Administrative  Services  -----------------  115 

American  Geophysical  Union  ---------------  116-118 

American  Meteorological  Society  -------------  67“11T 

American  River  Studies  ------------5^  11^  12^  6I,  65^  8l 

Analysis,  data  ---------------  8,  11,  I5,  25,  5^^  95^ 

116-119 

Anderson,  H.  W.  ---------------------  97^  115“119 

Andr^,  Johnnie  E.  --------------------  74,  111 

Appendices  -----------------------  30,  jd,  121 

Arnold,  R.  Keith  --------------------  115 

Banks,  Harvey  Oo  115 

Bare  ground  = rock  ---------------  4,  32,  6I,  80,  98^ 

101,  122 

Berkeley  Headquarters  --------------  Frontispiece,  3^  60 

Bibliographies  ---------------------  116-119 

Blue  Canyon  101,  102 

Brush  Conversion  Studies  ---------------  95^  110,  112 

Brush  in  High  Sierra  ------------  4,  32,  6I,  80,  9^>  101 

Brush  studies  = 13^  23,  66,  72,  102,  110,  II8 

California  Cooperative  Snow  Management 

Research  -----  95>97^  115“ll8 

Camera,  forest  canopy  ------------------  58,  68,  II9 

Castle  Creek  - = - - 9,  18,  68,  8I,  91-93,  101, 

106,  122-124,  137-138 

Central  Sierra  Snow  Laboratory  ------------  Frontispiece 

Clark,  Frank  Go  ---------------------  118- II9 

Codd,  Ashton  ----------------------  I6 

Collaboration,  Div»  of  Forest  Management  Research  - - - - 110 

Cooperation,  Corps  of  Engineers  -------------  9 

Cooperation,  Pacific  Gas  and  Electric  Co.  -------  100,  103^115 

Cooperation,  State  Department  of  Water  Resources-  - - - 95,  96,  II5 

Cooperation,  State  Department  of  Public  Health  -----  lOl 

Cooperation,  Tahoe  National  Forest  -----------  25,  72,  ll4 

Cooperation,  University  of  California  ----------  96,  II5 

Cooperation,  Weather  Bureau  --------------  101,  102,  II5 

Court,  Arnold  II5-II9 

Cutting  patterns  --------------------  109^  11^ 


1/  Pages  1 through  58  are  contained  in  the  1957"58  Progress 
Report,  pages  57  through  9^  la  1958-59  Progress  Report. 


flu>%  ^ -*  ' ' 


-'  f'j  'V. ' ■'■?■.■  ’ ’'Mm,'  '■•■■’' 

,.  • ^ ■ ■v.i®“  &>  ■5.:" 

‘544  *4 


-m'. 

if. 


m:’T^.i:A  I 

" - ^ ' • '.;  - 
. ...  »..;  ..  " 


.^•:>?5‘ .t 

:^f  ’,  ■ 

*'.t  I 

yju.4. 


\’i'  -.’,«*V,  .>ll6ir ' . •«  ’f  .«»  ^'  ■ 


. •’•i  y^  -J>  r -’’  ^ V-t'  -.’.«V,  .-^'.  ^ •- 

V.  - ' *••  • '• 

V «.- V .V  vp:  •-  •-■  - j| 


; rtn-. 


i \- ' 


Subject 


Page 


Dam  design 
Dams 

Data  recording  and  processing 
equipment 

Department  of  Water  Resources  - = - - 
Design  discharges,  weirs  ------- 

Drought 

Energy  measurements,  forest  - - - - - 
Equipment,  data  recording  ------ 

Equipment,  gaging  weirs  ------ 

Erodibility  of  soil  --------- 

Erosion  studies  ----------- 

Evaporation  ------------- 

Experimental  watersheds  ------- 

Exposure,  effect  on  snow  accumulation 
and  melt  ------------- 

Feather  River  studies  -------- 

Figures  --------------- 

File  Reports  ------------- 

Financing  -------------- 

Fish  Habitat  ------------- 

Flood  Forecasting  Center  ------- 

Floods  ---------------- 

Forest,  commercial  ---------- 

Forest,  conditions  ---------- 

Forest,  density,  openings  ------ 

Forest  effects  on: 


- " “ 6,  7.  33,  8l 

. . - _ _ .5^  6,  7,  57,  61,  81 

11,  21,  58,  6k 

° - 95,  97,  115 

-  - - 6,  33,  81 

106 

- - 15,  16,  63,  108,  116,  117 

11^  21,  58,  64,  77 
Cover,  6,  33,  8l 

-  25,  73,  111,  119 

13,  23,  25,  68,  72,  107, 

112,  113 

- - l4,  19-21,  4o,  42,  69,  71, 

96,  108,  109,  117,  118,  119 

- - - 61,  62,  68,  81,  98,  106 

--  = .3  = =.-  = io4,  116,  117 

- Frontispiece,  3,  22,  7I,  8I, 

109,  113 

- - - Frontispiece,  7,  17,  24, 

47-52,  88-93,  133“139 
96,  119 

- 96 

--------  23,  72,  110 

--------  101 

2,  6,  51,  61,  62,  67, 

99,  100,  117,  118 
--------  2,  101,  124 

- - 4,  9,  32,  61,  63,  80,  100, 

101,  118,  122,  124 

- » 4,  16,  17,  32,  58,  80,  98, 

118,  122 


evaporation  from  snow  --------  l4,  20,  40,  69,  I08,  II6-II8 

evapotranspiration  --------------  19“ 21,  66,  69,  70, 

109,  112,  117,  118 

floods  -----------------  - 67,  118 

snow  accumulation  and  melt-  - -9,  I3,  22,  48,  49,  52,  63,  67,  102, 

io4,  116“ 118,  131-132,  134-136 

water  use  ----------------  12,  19“21,  87,  I06,  107, 

109,  110,  117,  118 

Forest  fire,  effects  on  sedimentation  --------  8,  II6 

Forest  inventory  -----------  -4,  8,  9,  58,  6I,  80,  98,  100, 

122,  124 

Forest  openings  ---------4,  12,  I3,  I5,  I7,  21,  22,  43,  52, 

67,  80,  98,  104,  108,  131“132 


■ 'saw 


p*:  i 

■"  .Sd 


‘ rCr  '*  ^ 

\t  i,  ,;i  >^ 


■•  %■'  ■■*»  "'4-  ' I*f..  #tc  . W tf* 


5->t>W  fttt*  Sri'ic  "Srt’ 

'"•‘ffiBL  ^"*  ” % ”Wf'  '.■*■“- ( 

•"'  '"'  >-  ■a’S.liVr 


NSi  - • _«*•'<«►'  .*•  ' («■ 


J '.,' 


tl 

' 1^.-  .>.t-''jjos^T  ■ Vi?^‘ ' 


'•T 


ku  ■ ‘ '^* ' 
!»■'  ^ ‘ 


^a#r. 

't»<^  * 'T  ift  ■ .ff  # W “ ' XICj^  — .*,^^1^.  _ 

fciJ  , , ' «!.^V 

>^4fc  _f5  ■ " - ^ , iriij  ^ . , fc  ‘ ■^^'=  ^ . 'i  ■ i,.- 


■‘.?V 


h*  \-  if- 


^^3 


'SSll  .sS:  |4-d' 

•:  -'  ^ ^ ® ^ ^ S-  ■ ■ r-  ' 

f£'  /.j/^--v^6l  " 

£_^  'i  1*  ',  i 

r »i-t,  }|^ 
iOC  c: 

^ 

rS®  - % 

f^‘ ' R-i^  M % 


_U«:^23S#  '^^>- 


M_i£-* 


.f  >-vi1  W 


[•^■-  » , ■*?-  — * ^ '■»«■,  „■»!!■*■  ’ 

' ■ ..  'fe  ■ 

_r  4^'  ,1%.-'  f»w' I j^ 4i^  fife-  f 

HP  .1#’  ^ * * '%"•  = *•  J!*N  jy  «r  »J„  •*'  ■**  '**■ 

“ ''  ,*“^  •*..■  ■^'-  ?“'  ,**^  f*,.  ,,*-'  S#'  .3»  *-•  ifi  •*■ 

' '■  •^  - ' ^ 'H  ' ' '■*  rJ 

-'“'*•  fi^  =.'•“  w "“  •'  : •»-  «k  »■  * — ••'  ■*  -df  - » — •»  *• 


:4 


-T 

^ .1 


^ -^TOl 


r-:i 


%«at^ 


-•■4  - 

m " . ■■ 

to-  , , ' ‘ ,v  ^ 

^H^iX  \0  -j^ 

*■  r^ii^-  %..a‘-'-’-  ■ s - - ■•  ^’'  ■ 

--»■  • ■ . V\. 


-t.  _a  = >3'  ® ■ ‘I 

f ’ 


31 


• :*'-a^. 


• _V  Tt#6 


fill.;..,:i'ir-..M_t  .tVii  -5V**.a  , 


■*  ■ . - >•  >'  » »>■ 

ts:*'  fir*  V«  ClTBBr 


'‘V'i  ' 


a'  J jiiEi 


•»  . 


^ W •*,  #*',■,  ^V#w, 

' . iLiS.  , Jr 


- , - !"■  W*  -Si-  .«S  ..  •§»■  , , , 

,‘55f'  .Sf''  ,'>l}"j.fii  .45^  jS  •: 

^ - r” 

r'v'*’ ■' ■*(. -f’ij: 

^ , tiAi  lea.  \m  ' 


Subject 


Page 


Forest  planting  - = 25>  72j  HI 

Forest  Service  = 95^  97^  II5 

Forestry^  Journal,  Society  --------------  28,  II6-II8 

Freezing,  streamgaging  weirs  -------------  75^  II9 

Gay,  Lloyd  Wo  ---------------------  II5 

Gleason,  Clark  --------------------  115°119 

Goodell,  Bert  ---------------------  l6,  IO8 

Grass-herb,  inventory  -----------  32,  6I,  80,  9^,  101,  122 

Heat  balance  -----------------  15^  21,  70,  104,  I08 

Heat  equivalent  ------------------  15,  67^  104,  II6 

Hemispherical  photocanopy  meter,  CSSL  -------  58,  68,  II9 

Hobba,  Robert  ---------------------  II8 

Hopkins,  Walt  ---------------------  115^  11? 

Humidity  - --  --  --  --  --  --  --  --  --  40,  7Tr  H9,,  125-128 

Hydrologic  process  studies  -------  12,  22,  23^  25/  'fe/  71/  72, 

98,  102,  107 

Hydrology  High  Sierra  ----------------  -4^  15^  67,  IO3 

Icing  = = = = = = = = = 11^  119 

Ingerson,  Irvin  Mo  ------------------  II5 

Interception  --------------------  12,  I9,  22,  87 

Inter society  Conference  Irrigation  and  Drainage  - - - - II7 

Inventories  - --  --  --  --  --  3/^/  8-10,  15/  25,  32,  hk^-kGy  61, 

80,  97/  98/  103/  111/  122/  124 

Johannessen,  Carl  -------------------  II6 

Kings  River  studies  ---------------  6,  13/  62,  66,  103 

Knoerr,  Ken  R. 109,  II5,  II7,  II9 

Land  conditions.  Sierra  ------  4,  32,  61,  80,  98,  II8,  122,  124 

Logging,  effect  on  snow  accumulation 

and  melt  -------------  12,  13/  I8,  22,  52,  65,  68,  71, 

102,  105/  112,  117/  118 
Logging,  effect  on  soil  moisture  ------  13,  18,  22,  66,  68,  7I/ 

102,  109/  112/  113 

Logging,  effect  on  streamflow 

and  sedimentation  - --  --  --  --  --  - 96,  106,  107/  H2,  139 
Logging,  patterns  - --  --  --  --  --  63,  65/  71/  105/  H3,  II6-II8 

Mansfield,  Clifford  Wo  II5 

Manuscripts  ----------------------  116-119 

Maximum  discharge  - --  --  --  --  --  --  3/5/9/  50/  51/  81,  62, 


92,  99/  100 

McCulloiogh,  Charles  Ao  - --  --  --  --  --  --  --  - II5 

Methods,  developing  ------------  8,  9/15/  19/  22,  60,  98 

Meteorological  controls  - --  --  --  --  - 10,  13,  l4,  64,  103/  H8, 

117,  125-128 

Meteorological  data  --------  -34-40,  48,  49/  64,  82»86,  89-90, 

101,  125-9/  134-5 

Meteorological  measurements  - •=  =3/  4,  10,  13/  21,  35“ 38,  58,  64,  66, 

82-85,  101,  108,  116,  125-129 

Meyer,  Carl  B.  --------------------  27,  7^ 

Miller,  David  H«  -------------------  115/  H9 


iii 


Subject 


Page 


National  Bureau  Standards  - --  = =.=3-----  = --  = I6 

Needhatn,  Paul  2k 

Nelson^  Robert  - 10^  II6 

Neutron,  use  - --  --  --  --  - 13^  22,  58/  70^  101,  112,  11?^  H9 

Objectives  ----------------------  95^  97 


Onion  Creek  ---------  Frontispiece,  5^  10,  12,  60,  6I,  65, 

81,  99,  102,  123 

Openings  in  forest,  snov  accumulation 

and  melt  - --  --  --  --  --  --  --  15,  22,  43^  52,  63^  67^  70, 

io4,  105,  131.  132 

Organization  ---------------------  II5 

Pacific  Gas  and  Electric  Co,  -----------  96,  100,  103^  115 


Pacific  Southwest  Forest  and  Range 

Experiment  Station  -----------------  97^  II5 

Pagenhart,  Tom  H,  II6 

Photocanopymeter  --------------  16,  I7,  5^,  68,  118=119 

Pilot=testing  -----------  - 3“*6,  I8,  23,  61,  62,  68,  72, 

97=101,  106 

Plot  studies,  brush,  logging-  - =12,  22,  25,  60,  65,  71^  72,  102,  112 
Precipitation,  measurements  -----  10,  I3,  39,  ^9,  6i^■,  66,  86, 

89-90,  125-129,  13^=135 

Precipitation,  wind  during  II6 

Program  ------------------------1,  28,  29,  97 

Publications-  ---------------------  99^  II6-II9 

Public  Health,  State  Department  ------------  101 

Radiation  measurements  -------------  10,  16,  21,  77,  101 

Radioactive  soil  moisture  determinations-  - - - - 13^  19^  22,  25,  5^, 

70,  112,  117-119 

Radioactive  tracers  ------------------  69 

Radioactivity,  in  snow  and  streamflow  ---------  11^  64,  101 

Range  Manag^ent  - --  --  --  --  --  --  --  --  --  117(13) 

Red  fir  studies  - --  --  --  --  --  --  --6,  22,  7I,  95,  109,  H2 
Reports  ------------------------  116-119 

Reprints  ----------------------  57^  96,  l40 

Research  conditions  -------------  3“6,  9,  57,  ^0,  80,  122 

Reservoirs  ----------------  5,  33,  46,  61,  62,  8l 

Rice,  Ray  M,  74,  II7 

Richards,  Lc  Go  - - = - - -----  97^  98,  II5,  II8 

Road  effects  ---------------------  I08 

Rock  in  Sierra  -----------------  4,  32,  61,  80,  IO8 

Sagehen  ----------------  Frontispiece,  3,  23^  24,  60, 

72,  81,  110,  123 

Sampling,  snow  courses  - --  --  --  - 12,  15,  17,  64,  I03,  116-118,. 

131,  132 

Sediment  outflow  from  reservoir  -----------8,  99,  100,  II9 

Sedimentation,  reservoir  -----  5,  6,  25,  30,  46,  53“56,  61,  62, 

81,  96,  99,  116 


iv 


Sub^ject 


Page 


Sedimentation,  suspended  - - -l8,  23>  25,  ^4,  45,  68,  69,  93,  96,  99^ 

106,  107,  111,  112,  119,  123,  130,  139 

Selection,  watersheds  -----------------  5 

Slash,  logging  effects  -----------------  71,  109,  II8 

Slopes  in  Sierra  -------------------  4,  32,  63,  80 

Slope  effects  ----------------  63,  104,  II6,  I3I-I32 

Snow  accumulation  -------------  63,  65,  67,  71,  ^9?  90, 

102,  103-105,  131-132 

Snow  courses  -----------  J,  8,  10,  15,  22,  4l,  43,  57^  67, 

82-85,  95,  103,  113,  131-132 

Snow  courses,  best  -----------------  15^  4l,  64,  II7 

Snow  depth,  maximum  ------  1^  I6,  ^0,  103-104,  131-132,  134-135 

Snow  evaporation  --------------  l4,  I9,  20,  4o,  69,  101, 

108,  113,  117-118 

Snowmelt - 9,  22,  39,  ^3,  49,  52,  63,  67,  71, 

102-103,  105,  116-118,  134-136 

Snow  surveys.  State  cooperative-  --------1^  II6,  II7,  125-128 

Snow  zone  -------------------  Frontispiece,  1,  2 

Soil  erodibility - 25,  73,  HI,  H9 

Soil  moisture,  measurement ( s ) - - - - 13,  19,  22,  25,  42,  57,  58,  65, 

n,  72,  95,  109,  112,  125-128 

Soil  surveys 9,  25,  62,  63,  72,  101,  II7 

Soil  types  9^  II7 

Sonic  flowmeter  --------------------  20 

Special  Services  --------------------  II5 

State,  Department  of  Water  R^so-urces  - --  --  --  --  - 95,  97,  II5 

State,  Division  of  Forestry  --------------  100 

Streamflow,  inventory  -----------------  15^  67,  103 

Streamflow,  measurements  - - - - 5-7,  11,  18,  24,  50,  51,  61,  62,  68, 

81,  91,  92,  96,  98,  100,  106 
Studies,  kinds  - --  --  --  --  --  --  --  --  --  - 1,  3,  97^  H6 

Study  areas  --------------  Frontispiece,  1,  3,  60,  101 

Study  Plans  ----------------------  1,3,  95 

Summary  - l^  57^  95 

Swain  Mt.  ------------  Frontispiece,  22,  60,  7I,  85,  IO9 

Tables  ------------------------  120 

Tahoe  National  Forest  -----------------  25,  72,  ll4 

Teakettle  Watersheds  ------  Frontispiece, 3,  6,  I3,  60,  62,  66, 

81,  99.  123 

Testing  effects  of  treatment  -----  5.  6,  12,  I8,  22,  23,  65,  71, 

72,  97-100,  106-107 

Timber  stands-  - 2,  4,  9,  6I,  80,  II7-II8,  122,  124 

Topographic  inventory  --------------4,  32,  61,  80,  II8 

Topographic  effects  -----------  63,  68,  104,  II6,  131-132 

Trap  efficiency  --------------------  8,  53-56 

Treatments  - --  --  --  --  --  - 5,  6,  12,  I8,  22,  23,  65,  68,  7I, 

72,  106,  ll4 

Trees  in  openings  -------------------  32,  80 


V 


Subject 


Page 


Truckee  River  Studies  - - - 
University  of  California  - 
U.  So  Geological  Survey 
Walsh,  Ken 

Water  holding  capacity  - - 
Water  losses,  brush  - - - 
Water  losses  in  openings  - 
Water  losses,  summer  - - - 

Water  losses,  winter  - = - 

Water  measurement  - = - - - 
Water  yield,  improvement 
Water  yield,  snow  zone  - - 
Watershed,  calibration  - - 
Watersheds,  experimental  - 

Watersheds,  management  - - 
Watershed  treatment  - - - - 
Weather  Bureau 
West,  AIJ. 

Western  Snow  Conference  - ° 
Wind  and  snow  accimiulation 
Wind  effects  on  evaporation. 
Wind  studies  ------- 

Wallis,  James  Ro  - - - - - 
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SUMMARY 


In  July  1956,  the- Forest  Service  with  the  cooperation  of 
the  State  of  California  started  watershed  manag^ent  research  in 
Californians  snow  zone.  The  purpose  of  the  research  was  to  expand 
the  present  body  of  knowledge  and  develop  and  test  ways  of  manag- 
ing Californians  watersheds  for  improvement  of  water  yield.  Two 
formal  progress  reports  precede  this  report:  ' The  1957-58  Progress 
Report  (11)  gives  detailed  objectives  and  methods  of  the  eighteen 
separate  studies  then  under  way  and  progress  for  the  first  tw6 
years  of  the  study.  The  second  Progress  Report,  the  1958-59  re- 
port gives  progress  for  that  year.  This  report  gives  results  for 
the  fourth  year  of  the  study  in  the  sixteen  studies  still  under 
way. 


Nine  technical  papers  and  one  summary  paper  were  published 
during  the  past  year  on  subjects  ranging  from  snow  zone  forest  in- 
ventories to  logging  effects  on  snow. 

Snow  has  been  measured  at  some  ninety-one  snow  courses, 
representing  maiiy  conditions  of  natural  forest  stands,  forests 
logged  in  a variety  of  ways,  and  brushfields,  both  natural  and 
cleared. 

Soil  moisture  losses  during  summer  have  been  measured  at 
some  three  hundred  points,  representing  a wide  span  of  forest 
sites— different  slopes,  forest  conditions,  types  of  logging, 
methods  of  slash  disposal,  and  natural  and  cleared  brushfields. 

Winter  evaporation  losses  from  snow  have  been  measured  in 
forest  stands  and  openings,  in  large  meadows,  on  exposed  ridges, 
and  on  different  slopes. 

Streamflow  and  sediment  measurements  were  continued  in  e- 
leven  experimental  watersheds,  one  of  which  was  partly  logged  last 
year  and  the  logging  effects  on  streamflow  and  sedimentation  have 
been  evaluated. 

This  was  a year  of  moderately  light  snowpack,  following  the 
very  light  snowpack  year  of  1959  the  extremely  heavy  snowpack 
year  of  1958* 

Plans  for  the  coming  year  are  to  sharply  curtail  field  work 
in  the  studies  in  which  we  now  have  the  three  years  of  data— the 
snow,  soil  moisture,  and  winter  evaporation  loss  measur^ents  under 
natural  conditions  of  forest  densities  and  openings,  and  to  concen- 
trate the  field  work  on  plot  tests  of  various  management  alterna- 
tives, forests  logged  in  various  ways  and  brushfields  cleared  and 
treated  in  various  ways.  Continued  snphasis  will  be  placed  on 
analyzing  data  currently  and  publishing  results. 
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Financing  and  cooperation  in  the  project  are  such  as  to  make 
for  rapid  progress.  The  State’s  contribution  for  the  research  was 
$68,500  this  yearo  The  Forest  Service  has  matched  this  amount  and 
conducted  the  research.  Other  agencies  continued  to  lend  a hand: 
Pacific  Gas  and  Electric  Company,  the  Weather  Bureau,  and  the  Depart- 
ment of  Zoology  at  the  University  of  Calif orniao 

Reprints  of  published  papers  are  available,  and  other  informa- 
tion is  available  upon  request.  To  make  this  information  more  ac- 
cessible, a detailed  index  has  been  included  as  part  of  this  report. 
Inasmuch  as  this  is  to  a large  extent  a continuation  report,  pages 
numbered  herein  start  with  page  95° 
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THIRD  PROGRESS  REPORT,  1959“60 
CALIFORNIA  COOPERATIVE  SNOW  MANAGEMENT  RESEARCH 

■by 

Henry  W.  Anderson  and  Lucille  G.  Richards 


INTRODUCTION 

Studies  are  under  way  in  California's  snow  zone  to  expand  the 
present  body  of  knowledge  of  watershed  management  effects  on  water 
yield,  water  quality,  floods,  and  sedimentationo  The  studies  are 
being  made  by  the  Pacific  Southwest  (formerly  California)  Forest  and 
Range  Experiment  Station  of  the  U.  So  Forest  Service  with  the  cooper- 
ation of  the  Department  of  Water  Resources  of  the  State  of  California. 

To  the  end  that  future  land  managers  can  make  decisions  on 
water  management  with  greater  accuracy  and  with  more  confidence.  Snow 
Management  research  aims  are  tot 

lo  Suggest  methods  of  land  management  for  maintaining  or 
improving  water  yield  or  water  quality. 

2.  Test  a variety  of  methods  which  offer  promise  of  desir- 
able effects  or  threat  of  adverse  effects  on  water  yield 
or  control,  and 

3.  Lead  to  further  understanding  of  the  basic  hydrologic 
processes  of  how  water  is  received  and  discharged  to 
the  end  that  the  effects  can  be  predicted  for  wide  spans 
of  forest  land  management  practices  upon  water  yield  and 
water  control. 

KINDS  OF  STUDIES 

This  is  a report  of  progress  during  1959" ^0  in  each  of  six- 
teen studies  now  under  way  and  an  outline  of  objectives  and  methods 
for  two  new  studies  about  to  be  started.  The  objectives  of  the 
eighteen  original  studies  and  the  methods  used  in  each  study  were 
outlined  in  detail  in  the  1957"58  Progress  Report  (ll) . Progress 
and  plans  in  1958-59  vere  outlined  in  the  second  Progress  Report 
(^).  This  report  will  concentrate  primarily  on  results  and  future 
plans.  The  studies  are  four  kinds? 
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1.  Inventories  of  present  conditions  of: 


Water  yield 
Land  conditions 
Soil  eroditility 

2.  Studies  of  basic  meteo- 
rology, snow,  and  heat 
balance 

3.  Development  and  testing  of 
methods  of  improving  water 
yield  and  controlling  sedi- 
ment 

4.  Pilot  tests  of  various 
forest  and  land  manage- 
ment methods  on  experi- 
mental watersheds  for 
their  effects  on  stream- 
flow  and  sedimentation 


(Study  No.  1-10), 
(Studies  NOo  1-1,  I-5), 
(Study  No.  1-18)0 


(Studies  No.  1-6,  1-9, 
1-14). 


(studies  No.  1-4,  1-7^ 
1-8,  1-11,  1-13,  1-15, 
1-16,  1-19,  1-20). 


(Studies  No.  1-2,  1-3^ 

1-12,  1-17). 


Detailed  plans  of  these  studies  are  available  for  inspection 
upon  request o 

The  study  areas  are  shown  in  Figure  lo 

INDIVIDUAL  STUDIES 

Inventory  of  Sierra  Hydrologic  Characteristics  (Study  No.  l-l) 


The  Sierra  west- side  is  made  up  of  42  parts  forest,  29  parts 
bare  ground,  and  I7  parts  brush,  seasoned  with  7 parts  grass-herb, 
and  sprinkled  with  5 parts  lakes,  crops  or  talus  (26).  The  southern 
half  of  the  Sierra  has  more  forest  area,  but  forests  are  less  dense 
than  in  the  north  half.  The  dense  forests  are  mostly  at  elevations 
below  7^000  feet.  Most  of  the  brush  is  in  the  north;  most  of  the 
bare  area  is  in  the  south,  particularly  in  the  Kings  River  basin. 
These  and  other  results  have  been  summarized  in  a publication  by 
Richards  (26) . 

Plans- -To  summarize  the  forest  density  and  cover  information 
by  major  river  basins  of  the  Sierra  west- side. 
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Onion  Creek  Experiment etl  Watersheds  (Study  No.  1-2) 


At  five  high  elevation  watersheds  streamflow  and  sedimen- 
tation have  been  measured  for  2 years.  Peak  discharges  in  the 
watersheds  were  nearly  identical  in  the  first  high  runoff  year 
of  I95S  and  in  the  low  runoff  year  of  1959 » Annual  discharge  in 
1958  ranged  from  52  to  59  inches <,  For  1959  annual  discharges 
together  with  maximum  discharges  of  the  year  are  given  below; 


Watershed 


Drainage  Area 
sq.  mi. 


Onion  Creek  No.  1 0.19 

No.  2 0.48 

No.  3 O065 

No.  5 0,39 

No.  7 0.80 


Maximum 

Yearly 

Discharge 

cfs/sq.mi. 


Annual  Flow, 

1959 

inches 


10 

16 

11 

20 

12 


13. 7 

19o2 

17.2 

17.1 

16.4 


Daily  discharge  records  for  watershed  No.  1 for  the  water 
year  1958  are  published  in  USGS  Water  Supply  Paper  No.  1565*  Pro- 
visional daily  records  for  all  watersheds  for  the  water  year  1959 
are  available  upon  request. 


Reservoir  sedimentation  in  the  low  runoff  year  1959  "was 
sli^t.  Deposition  range  from  0.00  to  0.07  A.F./sq.  mi.  Sus- 
pended sediment  outflow  was  measured  using  an  automatic  sedi- 
ment sampler  at  weir  No.  3 (File  Report  No.  7)» 

Plans — The  plans  are  to  continue  gaging  these  streams  and 
measuring  sediment  inflow  and  outflow  for  another  3 years  before 
logging  the  watershed  to  evaluate  logging  effects. 


We  plan  to  continue  our  arrangement  with  the  USGS  in  in- 
specting the  records  and  publishing  the  results  in  their  regular 
Water  Supply  Papers. 

Streamgaging  and  Sediment  Measurements  at  Teakettle  Experimental 
Watersheds,  Kings  River  (Study  No.  1-37 

At  another  set  of  five  small  watersheds  in  the  southern 
Sierra,  streamflow  and  sedimentation  were  measured  for  another 
year.  Here  too,  peak  flows  were  nearly  identical  in  1959  with 
those  reported  in  1958>  ranging  from  J to  21  cfs/sq.  mi.  in 
both  years.  Maximum  discharges  for  1959  and  annual  flow  for 
1958  and  1959  are  given  below; 
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Watershed 

Drainage  Area 

Maximum 

Discharge, 

1959 

Annual 

195B 

Flow 

1959 

sq.  mi. 

cf s/ sq.mi. 

- inches  - 

Teakettle  No, 

1 

0.77 

10 

32.4 

10.4 

No. 

2 - 

0.85 

10 

31.4 

8.0 

No, 

2A 

0.27 

9 

3h-.2 

6,7. 

No, 

3 

0,86 

21 

32o2 

10,2 

No. 

7 

0.11 

7 

28,4 

4.9 

Daily  discharges  for  the  water 

year  1958  for  all  watersl 

are  published  in  the  USGS  Water  Supply  Paper  No.  15^5 • Provisional 
daily  discharges  for  water  year  1959  are  available  upon  request. 


Sediment  deposition  for  the  watersheds  was  very  low  in  1959^ 
ranging  from  0.0  to  0.003  A.Fo/sq.  mi.  Watershed  characteristics 
and  number  of  suspended  sediment  measurements  are  given  in  Table  2 
at  the  end  of  this  report.  An  automatic  suspended  sediment  sampler 
to  measure  sediment  outflow  is  being  tested  at  weir  No.  3 (File 
Report  No.  7)“ 

Sediment  productions  for  year  1957-58  (page  8l)  should  be 
corrected  for  sluicing  to:  No.  1,  0.062;  No.  2^  0.019  and  No.  3> 

0.024  A.F./sq.  mi.  In  the  others  sluicing  was  negligible. 

A soil-vegetation  survey  of  the  watershed  area  has  been 
completed  as  part  of  the  soil-vegetation  Station  survey  of  Fresno 
County  by  our  Economics  Division  under  funds  furnished  by  the 
California  State  Division  of  Forestry, 

Plans- -We  plan  to  continue  to  gage  the  watershed  and  measure 
sediment  for  at  least  two  more  years  before  applying  various  log- 
ging methods  and  testing  the  effects  on  streamflow  and  sedimenta- 
tion. Soil-vegetation  information  will  be  worked  up  to  guide 
application  of  the  tests. 

Cooperation — The  Pacific  Gas  and  Electric  Company  has  gener- 
ously cooperated  in  servicing  these  Teakettle  gaging  stations  during 
the  winter  months. 


Inventory  of  Forest  Conditions  at  the  Central  Sierra  Snow  Laboratory 
Snow  Courses  (Study  No,  1-4) 

This  study  is  complete.  Any  further  studies  of  the  evaluation 
of  forest  conditions  will  be  carried  on  under  Study  1-11. 


The  results  of  these  studies  have  been  published  in  three 
papers.  (See  publications  numbers  1^  6^  and  l4^  at  the  end  of  this 
report. ) 
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Soil-Vegetation  Surveys  of  Castle  Creek  Laboratory  Basin 
Study  No»  1-3) 


This  study  is  completoo  The  results  were  published  in  publi- 
cation number  5°  (See  publications  list  at  the  end  of  this  report c ) 

Further  siJimnaries  of  the  information  on  timber  stand  den- 
sities, volumes,  and  area  of  brush  and  open  in  the  Castle  Creek 
watershed  have  been  compiled.  These  are  summarized  in  Tables  1 and  3 at 
the  end  of  this  report.  In  general,  forest  conditions  in  the  Castle 
Creek  basin  correspond  fairly  closely  to  the  averages  for  the  Sierra 
west- side  (26) . In  Castle  Creek  basin  forest  cover  is  46.8  percent, 
bare  area  is  30o5  percent,  brush  covered  area  is  l4o0  percent,  and 
grass-herb  is  3*S  percent,  and  miscellaneous  4.9  percent. 

Basic  Meteorological  and  Snow  Measurements,  Central  Sierra  Snow 
Laboratory  (study  No.  1-6) 

Meteorological  and  snow  records  taken  in  'and  near  the  Central 
Sierra  Snow  Laboratory  since  the  program  began  in  July  1956,  together 
with  the  status  of  data  processing  are  shown  in  Table  4,  Appendix  A. 
Daily  records  for  the  CSSL  Headquarters  for  the  period  July  1,  1959 
to  June  30,  i960,  are  given  in  Figure  2,  Appendix  B,  and  monthly 
summaries  are  given  in  Table  5^  Appendix  A.  Daily  streamflow  for 
Castle  Creek  for  the  same  period  is  shown  in  Figure  3>  Appendix  B. 

Some  preliminary  tests  were  made  of  the  use  of  the  radioactive 
soil  moisture  probe  in  determining  the  water  content  (density)  of 
snowpacks.  Average  snow-water  contents  as  determined  by  the  standard 
Mt.  Rose  snow  tube  and  by  the  nuclear  probe  were  identical  in  the 
first  test;  further  testing  is  needed,  for  layer  by  layer  wide  dif- 
ferences in  the  density  between  the  two  measurement  methods  were 
found. 

Cooperation — The  Weather  Bureau  is  cooperating  in  the  studies 
by  taking  wind  direction  and  velocity  measurements  for  us  at  their 
Blue  Canyon  Station,  20  miles  west  of  the  laboratory  at  an  elevation 
of  5^000  feet.  We,  in  turn,  are  supplying  daily  meteorological, 
snow,  and  streamflow  data  to  them  which  are  used  in  the  State  Flood 
Forecasting  Service.  We  are  also  supplying  samples  of  streamflow, 
of  new  snow,  and  of  precipitation  to  the  State  Department  of  Public 
Health  for  analyses  of  radioactivity. 

Plans — We  plan  to  continue  the  basic  meteorological  measure- 
ments as  at  present  until  analyses  indicate  that  some  of  the  sta- 
tions may  be  dropped.  We  will  explore  further  the  possibility  of 
using  the  radioactive  soil  moisture  probe  in  the  measurement  of 
snow  density  profiles. 
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In  the  new  plot  studies  at  the  Snowshed  Area  (Yuba  Pass), 
at  the  Sugar  Loaf  (Downieville)  study  area,  and  at  the  Salmon 
Creek  (Kern  Plateau)  studies,  we  will  install  storage  gages  to 
measure  precipitation  at  these  sites. 

Wind  Effects  on  Snow  Accumulation  in  the  Forest  (Study  No.  1»7) 

This  study  was  inoperative  during  the  year,  except  for  in- 
stallation of  tree- top  brackets  for  suspending  anemometer  and  other 
meteorological  instruments  within  and  adjacent  to  two  forest  open- 
ings in  the  Castle  Creek  basin. 

Plans--Further  analyses  will  be  made  of  the  relationship  of 
shelter  from  wind  and  eddying  of  wind  by  forest  cover  to  snow  ac- 
cumulation and  melt  in  the  some  ninety  snow  courses  measured  during 
1957-58  through  1959-80. 

Cooperation-*>This  study  has  been  strengthened  by  the  cooper- 
ation of  the  Weather  Bureau  in  servicing  and  operating  our  wind  re- 
cording instruments  at  their  Blue  Canyon  site  and  working  up  hourly 
wind  records  at  that  site. 

Hydrologic  Processes  and  Erosion  Measurements,  Onion  Creek 
Watersheds  (study  No.  1-8) 

Summer  soil  moisture  losses  and  snow  accumulation  and  melt 
were  measured  in  a logged  and  unlogged  forest  and  in  a brushfield. 
The  logging  was  a "commercial  diameter- limit  cut"  in  which  all 
trees  greater  than  I8  inches  in  diameter  were  removed.  Comparison 
of  snow  accumulation  and  melt  of  the  cut  and  uncut  forest  for 
various  dates  in  i960  is  given  below? 


Treatment 

: Water  Equivalent  - Inches 

? Feb.  28 

March  6 ; 

May  4 

Forest  uncut 

21o5 

17.0 

11.0 

Forest  cut 

25o0 

27.5 

11.0 

Difference 

+ ^.5 

+10.5 

0 

Again  in  I96O  as  in  1958  and  1959  there  was  more  water  left 
at  the  time  of  maximum  pack  in  the  cut  forest  than  in  the  uncut. 

In  this  year  there  were  10.  5 inches  more.  And  again  snowmelt  in 
the  cut  area  was  faster  so  there  were  equal  amounts  left  on  May  4 
in  the  cut  and  uncut  forest.  If  a more  rapid  melt  in  the  cut  forest 
continued,  the  last  snow  would  be  found  in  this  case  in  the  uncut 
forest. 
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Simmier  soil  moisture  losses  were  0o8  inches  less  in  the  cut 
forest  than  in  the  uncut  forest,  with  the  losses  being  9°®  inches 
in  the  unlogged  forest  and  8.2  inches  in  the  logged  forests  The 
differences  were  nearly  identical  to  those  of  195^^  however,  total 
losses  in  both  logged  and  unlogged  were  about  1 inch  greater  in 

1959  than  in  I958  (31)0 

Snow  accumulation  and  melt  during  the  winters  of  1959 

1960  at  the  Onion  Creek  brush  plots  (elevation  6, 8OO  feet)  are 
summarized  below: 


Year  and  Site  : 

Water  Equivalent  - Inches 

1959 

March  9 

April  6 

May  5 

Block  C,  Level  ridge 

23.0 

15.7 

3°6 

Block  D,  W slope 

9»T 

2.8 

0.0 

Block  E,  21^  SE  slope 

22.6 

15.7 

2,0 

Average 

18.4 

11.4 

1.9 

i960 

March  4 

April  6 

May  4 

Block  C,  Level  ridge 

23.8 

2O0O 

6.0 

Block  D,  2hr$  W slope 

15.6 

6.6 

0.4 

Block  E,  21^  SE  slope 

29.9 

26.0 

9.7 

Average 

23.1 

17.5 

5.4 

Maximum  snow-water  accumulation  under  the  brush  was  2 to  4 
inches  less  than  under  forest  in  1959° 

Basic  Meteorological  and  Snow  Measurements,  Teakettle  Experimental 
Area  (Study  No.  1-9) 

The  Pacific  Gas  and  Electric  Company  again  this  year  made 
regular  weather  observations  ajid  measurements  for  us  at  the  station 
near  Wishon  Dam.  These  measurements  are  proving  useful  in  working 
up  our  streamflow  measurements  at  the  Teakettle  watersheds  and  will 
serve  to  characterize  the  years  of  the  studies  in  these  watersheds. 

Plans— Meteorological  measurements  are  needed  in  this  area 
for  at  least  one  more  year— until  such  time  as  adequate  correla- 
tions with  long-term  weather  stations  can  be  established. 

Water  Yield  (Study  Ho.  1-10 ) 

This  study,  which  has  been  in  its  data  collecting  phase, 
will  get  into  the  analysis  phase  this  year  to  the  end  that  snow 
zone  water  will  be  evaluated  as  to  amounts  and  timing  of  delivery 
of  water. 
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Heat  Equivalent  and  Snov  in  Openings  and  Forest  Slopes 
(study  No> 


Three  years  of  snow  measurements  at  from  8l  to  90  sites 
have  been  summarized  to  give  the  maximum  snowpack  water  each  year 
for  slopes  of  different  kinds,  forest  openings  of  different  sizes 
and  forests  of  different  densities  (Table  7)»  The  data  have  been 
adjusted  to  give  estimated  snow  water  near  the  maximum  snowpack- - 
April  22,  1958^  and  April  1,  1959*  The  adjustment  was  accomplished 
by  using  the  degree- day  factor  for  each  course  or  part  of  course 
and  extrapolation  backward  to  the  date  of  the  maximum  pack  (l)» 

The  data  were  adjusted  to  a common  elevation,  "[,000  feet,  by  using 
2.16  inches  per  100  feet  in  1958  and  1.20  inches  per  100  feet  in 
1959*  The  elevation  of  each  course  is  given  so  these  adjustments 
may  be  eliminated  as  needed  in  some  analyses.  With  these  adjust- 
ments, we  feel  that  the  effects  of  slope,  aspect  and  forest  condi- 
tions on  the  snowpack  can  be  directly  compared. 

The  wide  differences  in  maximum  snowpack  on  north  and  south 
slopes  are  clear  indications  of  winter  melt.  Average  snow  water 
in  forest  and  openings  on  various  slopes  on  April  22,  1958  and 
April  1,  1959  vere: 


Snow  Water 

Topography 

: In  Opening 

: In  Surrounding  : 
: Forest  : 

Average 

North  Slopes 

1958 

67.2 

1959 

31.2 

1958 

59.8 

1959 

25.0 

1958 

63.5 

1959 

28.1 

Level 

64.0 

28.8 

59.0 

23.8 

62.5 

26.3 

West  Slopes 

60.5 

25.5 

54.8 

23.2 

57.6 

24.4 

East  Slopes 

60.8 

25.8 

52.8 

20.8 

56.8 

23.3 

South  Slopes 

56.8 

20.0 

51.8 

17.8 

54.3 

18.9 

Openings  had  2.2  to  8.4  inches  more  snow  water  than  the  surrounding 
forest  at  the  time  of  maximimi  pack,  with  only  the  souxfi^lop§/show- 
ing  significantly  less  difference  in  the  "dry  year"  of  1959  than  in 
the  very  "wet  year"  of  1958. 
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Effect  of  size  of  trees 


Do  the  different  sizes  of  trees  affect  the  amount  of  snow 
left  in  the  spring?  To  answer  this  question  the  snow  data  on 
June  1958  for  all  sizes  of  openings  were  summarized  for  east 
and  west  slopes  and  level  areas  and  are  given  below: 


Size  of  Tree 

: June 

1,  195^  Snow  Water 

: In  Opening 

: In  Forest  : 

Average 

Small  (15-60  feet) 

32o5 

26.5 

29»5 

Medium  (6O-IOO  feet) 

35.5 

22,5 

29o0 

Large  (>100  feet) 

28.0 

3lo5 

29.0 

These  data  indicate  that  the  size  of  tree  is  not  important  in 
affecting  the  average  snow  water  left  in  spring  in  openings  and 
adjacent  forests. 

Thin  stands  versus  openings  compared 


By  comparing  forests  of  50  percent  density  with  the  average 
of  50- 50  forest  and  open,  a clue  to  the  effects  of  selection  versus 
strip  or  block  clear  cutting  may  be  obtained: 


Snow  Water 

Condition  and  Year 

April  22 

June  1 

Melt 

1958 

■ - inches  - - • 

50  percent  density 

53•i^ 

25.0 

28.4 

50- 50  forest-open 

6O08 

26.0 

34.8 

Difference 

+ 7.^ 

+ loO 

+ 6.4 

1959 

April  1 

May  10 

Melt 

50  percent  density 

21.5 

8.7 

12.8 

50-50  forest- open 

24.4 

9o2 

15o2 

Difference 

+ 2,9 

+ 0.5 

+ 2.4 

The  strip  or  block  clear  cutting  seems  to  have  the  advantage  in 
maximum  snow  accumulated  but  faster  melt  so  the  snow  left  on  June  1, 
1958  and.  May  10,  1959  "^as  only  slightly  less  in  50  percent  dense 
forest  than  in  the  50-50  forest  and  open. 
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Streamflow  and  Sediment  Measurements^  Castle  Creek  (Study  No.  1-12) 


One  square  mile  of  the  4 square  mile  Castle  Creek  Basin  was 
selectively  logged  in  the  summer  of  195^*  Most  of  the  trees  great- 
er than  20  inches  in  diameter  were  taken.  A good  stand  of  pole- 
size  trees  and  reproduction  was  left.  Original  timber  types  and 
volumes  and  volume  cut  are  summarized  in  Table  1.  What  were  the 
effects  on  water  and  sediment  delivery  from  the  watershed? 

Water  yielded  as  streamflow  was  apparently  increased  the 
first  year  after  logging- -37^  AF  more  water  was  delivered  than 
would  have  been  expected  without  the  logging o The  water  yield  from 
Castle  Creek  and  the  South  Fork  of  the  Yuba  (51  sq.  mi. for  two 
"dry"  years  before  the  logging  (19^7  and  1949)  "was  used  as  a con- 
trol and  compared  with  the  similar  year  after  the  logging  (1959) ‘ 

Year  * Yuba  River  i Castle  Cr.  : Difference  : Ratio  C/Diff 


AF  s AF  ; AF 


Annual  Streamflow 

19^^7  88, 170 

1949  97,400 

6, 350 
6,920 

81, 820 
90, 48o 

0.0775 

0.0766 

1959  80,030 

Average 

6,074 

73,956 

0.0770 

Expected  streamflow 
wo/logging 
Logging  effect 

5.700 

+ 375  AF  - 20 

AF 

June  Streamflow 

1947  7,510 

1949  8, 420 

60  4 
788 

6,  ^06 
7,632 

O0O872 

0.1032 

1959  6, 290 

Average 

744 

5,446 

0.0952 

Expected  streamflow 
wo/logging 
Logging  effect 
June  flow 

517 

+ 227  AF  ^ 44  AF 

We  see  that  the  indicated  effect  of 
the  annual  water  yield  by  37^  AF  which  is 
inches  of  yield  over  the  watershed.  This 

the  logging  was  to  increase 
equivalent  to  1.75  - 0.09 
is  equivalent  to  7*0  inches 

in  the  logged  area. 

The  indications  are  that  about  half  of  this  increase  was  de- 
livered in  the  month  of  June,  amounting  to  about  a 4o  percent  increase 
in  the  expected  June  flow  for  that  dry  year. 
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Sediment  production  from  the  watershed  was  also  definitely  up. 
The  sediment-discharge  relation  before  logging  was  given  in  Figure  k 
of  the  1958-59  Progress  Report  (25).  The  post  logging  sediment  data 
and  the  change  in  sediment  production  associated  with  the  logging 
for  first  and  second  year  after  logging  are  given  in  Figure  5 of  this 
report . 


An  analysis  of  the  actual  flows  of  the  year  1959  and  the 
sediment-discharge  relations  before  and  the  first  year  after  logging 
indicate  that  for  1959  "the  average  sediment  concentration  was  66  ppm, 
and  production  was  l40  tons  per  square  mile;  the  predicted  concen- 
tration without  logging  would  have  been  32  ppni,  and  the  total  pro- 
duction 6k  tons  per  square  mile.  For  the  4 square  mile  watershed, 
the  sediment  was  increased  j6  x k or  3OO  tons  in  this  low  water  year. 

For  some  purposes  sediment  production  in  an  average  year 
rather  than  the  particular  year  is  what  is  wanted.  A method  of 
estimating  this  is  illustrated  in  Table  6,i/ 

Jim  Wallis  has  computed  the  average  long-term  sediment  pro- 
duction before  logging  and  the  first  and  second  year  after  logging, 
assuming  that  a normal  streamflow  occurred  each  year. 


Before  logging  (1957-58) 
1st  year  after  logging 

(1958-59) 

2nd  year  after  logging 

(1959-60) 


Suspe nde d Sediment  Production 
Tons/sq.  mi.  yrT 


ppm 

“S5 


327 

117 


1,286 

i)-55 


There  was  an  indicated  five -fold  increase  the  first  year  after  log- 
ging; however,  there  appears  to  have  been  a marked  decrease  in  sed- 
iment the  second  year  after  logging  despite  a small  amount  of  re- 
logging in  the  watershed  in  the  late  fall  of  1959* 

Probably  of  most  significance  was  the  indication  that  logging 
of  the  commercial  trees  in  about  l/k  of  a watershed  apparently  in- 
creased flow  about  6-\l2.  percent  in  a critically  dry  year. 


Plans — Ray  Rice  is  analyzing  the  snow,  soil  moisture,  and 
data  of  ground  and  canopy  cover  in  interpreting  causes  of  the  stream- 
flow  and  sediment  difference  found.  We  will  evaluate  the  effect  of 
the  additional  logging  in  late  1959  on  streamflow.  Data  on  stream- 
bank,  bare  soil  and  erosion  indicators  will  be  collected  to  try  to 
evaluate  where  sediment  sources  are.  Data  on  snow  accumulation  and 
melt  and  on  soil  moisture  losses  will  continue  to  be  taken  to  evaluate 
how  streamflow  effects  came  about. 


1/  Trans.  Amer.  Geophys.  Union  35(2):270,  195^« 
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The  construction  of  the  freeway  across  the  basin  will  give 
an  opportunity  to  evaluate  its  effects  on  snow  accumulation  and 
melt  and  on  streamflow  and  sedimentation.  Three  snow  courses 
transecting  the  freeway  were  established  and  one  year  and  part  of 
second  year  pre-construction  measurements  have  been  taken.  We 
plan  to  continue  these.  Samples  of  stream  sedimentation  above 
and  below  the  proposed  freeway  have  been  taken  so  as  to  isolate 
the  freeway  effects  from  logging  effects  on  sedimentation. 

Winter  Evapotranspiration  in  Relation  to  Forest  and  Terrain 
Characteristics  (Study  No.  1-13) 

This  year  evaporation  from  snow  was  measured  in  forest  open- 
ings of  four  sizes:  Opening  l/2  to  1 times  as  wide  as  the  tree 

heights^  2-4  and  greater  than  4 tree  heights  across.  Wind  at 

1 foot  above  the  snow  was  also  measured.  Results  for  a day  with 
steady  south  and  southwest  winds  (Mar,  5"9>  19^0)  showed  evapora- 
tion as  follows: 


Average  Daily 


Size  Opening 

Wind 

Mlles/day 

Evaporation 

Inches/day 

I/2-I  tree  height  across 

39 

0,015 

]_-2  **  ” ** 

35 

0,016 

2-4  ” ’*  ” 

45 

0,021 

It  II  II 

115 

0.030 

Evaporation  was  closely  related  to  wind.  In  the  two  larger  size 
openings  evaporation  was  distinctly  less  in  the  sheltered  southwest 
side  of  the  opening  and  greatest  in  the  exposed  northeast  side^ 
with  the  center  intermediate  in  value.  In  the  two  smaller  openings 
evaporation  was  nearly  the  same  in  all  parts  of  the  opening. 

Evaporation  for  a 10-day  period  in  March  i960  averaged  0.020 
inches  per  day  for  forest  openings. 

Plans- -Plans  are  to  discontinue  snow  evaporation  measurements 
except  where  readings  are  needed  in  evaluating  heat  balances.  A1 
West  will  summarize  and  publish  his  results  for  the  three- year  study. 

Heat  Balance  Components  in  Forest  and  Openings  (Study  No.  l-l4) 

Progress  has  been  made  in  instrumentation  for  measurements  of 
radiation  inflow  and  outflow  and  for  conductive  and  convective  heat 
exchange  at  and  near  three  forest  openings.  Cables  for  suspension 
of  instruments  in  forest  openings  and  brackets  for  suspension  of  in- 
struments from  trees  adjacent  to  openings  have  been  installed. 
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Plans — We  plan  to  first  test  all  instruments  in  the  forest 
opening  near  the  CSSL  Headquarters^  then  tak.e  periodic  sample 
measurements  of  the  heat  components  in  the  other  forest  sites.  We 
will  work  with  Bert  Goodell  of  the  Rocky  Mountain  Experiment  Sta- 
tion in  testing  various  radiation  instruments  for  possible  use  in 
measuring  heat  at  forest  sites. 

Evaluation  of  Summer  Evapotranspiration  in  Relation  to  Forest 
Sites  (Study  No.  l-l^T 

Summer  water  losses  for  the  years  1958  and  1959  bave  been 
measured  at  37  sites,  representing  various  forest  stand  conditions 
near  the  Central  Sierra  Snow  Laboratory.  Soil  moisture  losses 
varied  widely  with  forest  types  according  to  Knoerro  These  losses 
were  as  follows  for  the  top  4 feet  of  soil; 


Condition 

; Summer  Soil  Moisture  Loss 

Inches 

Bare 

2.0 

Low  Density  Red  Fir 

5.2 

Forest  Opening  Without 
Reproduction 

5.6 

Wyethia  (Wild  Sunflower) 

7o6 

Dense  Old  and  Young  Red 
Fir  and  Openings  with 
Reproduction 

7.6 

Very  Dense  Reproduction 

10.4 

Additional  losses  of  2.0  inches  of  summer  precipitation  occurred  at 
each  site. 

Plans— Kno err  will  report  details  of  his  analyses  of  these 
data  by  soil  depths,  including  relations  which  indicate  that  summer 
losses  can  be  computed  from  meteorological  data. 

Swain  Mountain  Snow  and  Soil  Moisture  Studies  (Study  No.  l-l6) 

Snow  accumulation  and  melt  and  summer  evapotranspiration 
losses  were  measured  in  a forest  cut  in  two  ways  and  in  uncut 
forests.  The  forest  had  been  cut  in  strips  5 chains  wide  (2  tree 
heights  across)  and  in  a block  cut  area  of  17  acres.  Summer  soil 
moisture  losses  in  1959  a-  ^-foot  deep  soil  (the  average  soil 
depth)  are  shown  in  the  following  tabulation; 
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Condition 


Soil  Moisture  Loss 
Inches 


Strip  Cutting 

Cut  3.6 

Uncut  7 * 7 

Difference  4.1 

Block  Cutting 

Cut  5-8 

Uncut  9 • 2 

Difference  3*4 


These  summer  soil  moisture  losses  in  1959  in  the  uncut  forest 
were  1 to  2 inches  greater  than  in  1958;  the  differences  hetween  cut 
and  uncut  forests  were  also  about  0o7  to  O.9  inches  greater  ( 31) » 

The  effects  of  slash  treatment  on  water  losses  in  summer  of 
1959  were  (31); 

Soil  Moisture  Summer  Total 

Slash  Treatment  Loss Precipitation  Loss 

Inches  -------- 

Piled  and  burned  3*2  0.5  3«7 

Left  where  it  fell  3»8  0o5  4.3 

Combined  interception  and  evaporation  from  the  soil  was  0.6  inches 
less  in  the  bare  soil  area  created  by  piling  and  burning  of  the 
slash  than  in  the  untreated  area.  In  other  years  with  different 
amounts  or  time  of  occurrence  of  precipitation  the  effects  might 
be  quite  different. 

Plans- -We  plan  to  continue  snow  and  soil  moisture  loss  measure 
ments  with  the  cooperation  of  our  Forest  Management  Research  Division 

Sagehen  Cooperative  Study  of  Streamflow,  Sedimentation,  and  Fish 
Habitat  (study  No.  I-I7) 


Part  of  the  studies  in  this  area  are  of  brushfield  conversion. 
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Again  this  year  smmner  water  losses  were  measured  in  a 
brushfield  being  converted  to  a pine  forest.  In  195^  “tbe  brush 
was  removed  from  a 12  percent,  south  slope,  by  bulldozing  and 
windrowing  the  brush;  pine  was  planted.  Summer  soil  moisture 
losses  in  the  period  May  25,  1959  'to  October  l4,  1959  sire  given 
in  the  following  tabulation; 


Condition 

; Soil  Moisture  Loss 
; 4-foot  Soil 

1 : Summer  ; 

; Precipitation  ; 

Total 

Loss 

Inches  ------ 

Converted  Brush 
(to  small  pine) 

1.7 

2.7 

4.4 

Unconverted  Natural 
Brush 

4.9 

2.7 

7.6 

Difference 

3.2 

- 

3.2 

Thus,  the  conversion 

saved  3»2  inches  of 

water  for  a 4- foot 

soil. 

For  the  two  summers,  195^  and  1959^  "tbe  conversion  saved  an  average 
of  3»0  inches  of  water  per  year  for  a 4- foot  soil  and  in  places 
where  the  soil  was  Y-foo't  deep,  8-1/2  inches  were  saved. 

Fifty- three  measurements  of  suspended  sediment  concentra- 
tion have  been  made  in  Sagehen  Creek  (10.9  sq.  mi.)  in  the  last 
two  years.  Sediment  concentration  is  poorly  related  to  discharge 
so  average  concentration  times  long-term  average  flow  has  been 
used  to  estimate  sediment  production.  Suspended  sediment  discharge 
for  an  average  annual  discharge  of  11.2  cfs  is  tons  per  sq.  mi. 
per  year — a very  low  value. 

Plans- -Continue  present  measurements  and  take  soil  moisture 
measurements  in  an  adjacent  forest  stand  in  an  attempt  to  antici- 
pate losses  when  the  planted  pine  "grow  up. " 

Erodibillty  of  California  Wildland  Soils,  Relation  to  Sedimenta- 
tion (Study  Noc  1-18) 

Andre'  has  made  multiple  regression  and  covariance  analyses 
of  the  relation  of  erodibillty  indexes  of  California  wildland 
soils  to  geology,  vegetation,  elevation  and  geographic  zone  which 
give  promise  of  useful  results. 

Geologic  rock  type  was  by  far  the  most  important  source  of 
differences  in  soil  erodibillty. 
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Soil  differences  associated  with  vegetation  showed  grass- 
land soils  least  erodihle^  forest- land  soils  next  and  hrushland 
soils  most  erodible.  Although  erodihility  was  well  indexed  hy 
these  variables,  still  erodibility  was  highest  in  the  Central 
Coastal  zone,  next  erodible  in  the  Sierra  and  least  erodible  on 
the  North  Coast.  Correlation  coefficients  between  erodibility 
indexes  and  these  soil  forming  factors  exceeded  0.99* 

Jim  Wallis  used  20  of  the  soils  with  the  greatest  differ- 
ences in  erodibility  to  test  whether  these  differences  were  "caused 
by"  differences  in  the  cation  status  of  the  soils.  His  report 
(File  Report  8)  shows definite  decreases  in  two  erodibility  indexes 
associated  with  increasing  calcium  and  magnesium  base  status. 

Suspended  sediment  discharge  from  6o  California  watersheds 
have  been  computed  and  some  topographic  parameters  of  these  de- 
temined. 

Plans — Make  a study  of  the  relation  of  base  exchange  status 
to  erodibility  index  for  the  major  geologic  types.  Relate  sus- 
pended sediment  discharge  from  6o  California  watersheds  to  soil, 
streamf low,  topography  and  vegetation  condition.  Relate  reservoir 
deposition  to  suspended  sediment,  reservoir  capacity  and  soil- 
geologic  variables  in  watersheds.  Publish  parts  of  these  results 
of  this  study  as  they  become  available. 

S-ummer  Water  Loss  as  Related  to  Time  Following  Logging  and 
Associated  Vegetation  Recovery  (Study  No.  I-I9) 

This  is  a new  study  to  be  started  July  1,  i960. 

Objectlves--To  study  the  changes  in  soil  moisture  losses 
associated  with  time  after  logging.  To  evaluate  how  these  changes 
are  related  to  revegetation  of  the  area,  distance  from  vegetation, 
and  shade,  and  back  radiation  from  vegetation. 

Methods- “Changes  in  soil  moisture  storage  at  the  start  of 
summer  and  at  various  times  throughout  the  simnner  will  be  measured 
using  a radioactive  soil  moisture  probe.  Sites  will  be  chosen, 
representing  different  sizes  of  forest  opening  and  different  times 
following  logging,  1-2  years,  5-6,  9-10  and  greater  than  l4  years. 
In  these  openings  and  in  the  adjacent  forests,  access  tubes  will 
be  sunk  to  bed-rock;  soil  moisture  will  be  measured  at  about  month- 
ly intervals  starting  in  early  summer  and  ending  when  the  soil 
moisture  becomes  recharged  in  the  fall.  Soil  moisture  changes  when 
corrected  by  adding  summer  precipitation  will  give  summer  water 
losses. 
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Plans- -This  study  will  be  conducted  for  one  or  two  summers, 
concentrating  the  first  year  on  logged  areas  near  the  Central 
Sierra  Snow  Laboratory. 

Yuba  Pass  (Snowshed)  Plot  Tests  of  Logging  and  Slash  Treatment 
Effects  (study  NOo  1*20)  ~~ 

This  is  another  new  study  to  be  initiated  this  year.  The 
study  site  is  in  the  square  mile  Miller  Creek  basin  in  the 
headwaters  of  the  Feather  River,  7 miles  west  of  Sierraville 
California  (Figure  l).  Here  a 300  acre  tract  has  been  selected 
for  management- size  tests  of  cutting  of  forests  for  water  yield. 

Objectives — The  objectives  of  this  study  are  toi 

1.  Test  the  practicality  of  logging  of  red  fir  forest  in 
patterns  designed  to  maximize  snow  accumulation  and 
improve  water  yield. 

2.  To  compare  the  results  of  cutting  patterns  and  slash 
disposal  methods  aimed  at  improving  water  yield  with 
ordinary,  or  conventional  logging  methods  on  snow 
accumulation,  soil  moisture  losses,  erosion  indicators, 
and  estimated  water  yield,  by  measurements  taken  at 
the  logging  sites. 

3.  To  measure  and  evaluate  the  resulting  effects  on  stream- 
flow  predicted  from  the  surface  measurements  at  the 
logging  sites  and  that  obtained  from  measurements  of  the 
stream  at  the  gaging  station. 

Scope--Thls  study  is  intended  primarily  as  a practical- size 
test  of  various  logging  and  other  management  methods  on  factors 
related  to  water  yield.  It  is  not  intended  that  this  be  the  final 
test  of  the  effects  of  logging  on  streamflow  and  sedimentation; 
rather  this  is  the  preliminary  step  to  tests  of  various  methods  on 
experiment  al  wat  er  shed  s . 

Methods — The  effects  of  cutting  different  strip  widths,  and 
selective  cutting^  treatment  of  residual  stand  and  of  slash  disposal 
on  snow  accumulation  and  melt, on  soil  moisture  loss,  and  on  sediment 
production,  will  be  measured  at  the  treatment  siteso  The  effects  on 
sediment  production  will  be  measured  in  the  runoff  from  small  tribu- 
taries each  with  a single  treatment.  The  effect  on  streamflow  will 
be  evaluated  in  toto  by  measurements  at  the  single  gaging  station. 
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Treatment s- - In  the  first  phase  of  the  study  the  following 
eight  treatments  will  he  evaluated: 

1.  Clear  cutting  of  east-west  strips  2 and  4 chains  wide^ 
with  the  slash  lopped. 

2.  Clear  cut  strips  2 and  4 chains  wide^  slash  dozed  and 
burned . 

3.  Clear  cut  strips  2 and  4 chains  wide^  with  slash  dozed 
to  the  downhill  edge  of  the  strip. 

4.  Clear  cut  strips,  except  the  residual  stands  left, 
slash  lopped. 

5.  "Ideal  forest  cutting"  with  a wall  of  trees  to  the 
south  and  the  steps  of  smaller  trees  to  the  north, 
cut  strip  clear  cut,  slash  dozed  and  burned  in 
one  half,  piled  downhill  in  other  half. 

6.  Selectively  cut  area,  over story  of  trees  to  24  inches 
in  diameter,  slash  lopped. 

7o  Selectively  cut  stand,  small  trees  only  left  in  stands, 
slash  lopped. 

8.  Clear  cut  area,  slash  lopped  (resembling  block  cut). 

Plans — We  plan  to  lay  out  the  treatment  areas  on  the  ground 
this  fall,  and  to  take  pre- treatment  measurements  of  soil  moisture 
loss  this  summer,  and  snow  measurements  next  winter.  Then  the 
treatments  will  be  applied  next  summer. 

Cooperation — The  Tahoe  National  Forest  is  cooperating  by 
conducting  the  sale  and  assisting  in  the  layout  and  application 
of  the  treatments. 

ORGANIZATION 

The  organization  of  the  California  Cooperative  Snow  Manage- 
ment Research  is  shown  on  the  next  page.  In  all,  ten  technicians 
are  working  directly  on  the  project,  one  of  them,  half  time.  About 
an  equal  number  of  forestry  aids  and  other  field  and  office  as- 
sistants help  keep  the  project  running. 
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ORGANIZATION  CHART  - CALIFORNIA  COOPERATIVE 
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B.  FIGURES 

Figure  1. — Snow  study  areas  and  snow  zone  (inside  cover) 

Figure  2,— Daily  meteorology  and  snow,  CSSL,  1959-80 
Figure  3* — Comparison  daily  snowpack,  1958,  1959>  19^0 
Figure  4. — Streamflow,  Castle  Creek,  1959-80 
Figure  5 -—Suspended  sediment,  Castle  Creek  before  and 
after  logging. 

C.  REPRINTS,  selected  1959-80  publications 
Snow  evaporation  and  condensation. 

Logging  effects  on  snow,  soil  moisture  and  water  losses. 

Snow  management  research  in  the  Sierra  Nevada. 

Forest  effects  on  floods  in  northwestern  United  States. 

Forest  densities,  openings,  ground  cover  and  slopes. 

Research  in  management  of  snowpack  watersheds. 

Three  years  of  progress  in  "Operation  wet-blanket". 
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Table  1. — Timber  types  and  CQimnercial  timber  volumes,  Castle 
Creek  Basin,  193T'^^ 


Type  : 

: Crown  : 

: Density  : 

Area  : 

: Volume 

percent 

percent 

fbm/lOOO 

Non- stocked 

0 

47.8 

0 

Young 

20-80 

12o9 

705 

Young- old 

50-80 

4.3 

4,274 

Young- old 

20-50 

18.7 

14, 122 

Young -old 

5-20 

9.9 

3,230 

Old-young 

50-80 

2.2 

5,335 

Old-young 

20-50 

3.8 

3,684 

Old-young 

5-20 

0.4 

36 

100.0 

31, 386 

1/  Tventy-four  percent  of  area  was  cut  over  in  1958  removing 
2,655, 000‘ fbm  additional  relogging  in  1959  removed 
150,000  fbm  of  above  volumes. 
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Table  2. — Suspended  sediment  sampling  in  experimental  watersheds 


Name 

: Major 

: River  Basin 

: Drainage 
: Area 

: Date  of 

: First  Sample 

:No.  of 
: Samples 

Teakettle 

No.  1 

N.  Fk.  Kings 

Sq.  mi. 

0.77 

5-30-58 

- 1 

No.  2 

N.  Fk.  Kings 

0.85 

5-29-58 

2 

No.  2a 

N.  Fk.  Kings 

0.27 

5-29-58 

2 

No.  3 

N.  Fk.  Kings 

^ yO. 86 
~/o.ll 

5-29-58 

27 

No.  7 

N.  Fk.  Kings 

- 

0 

Onion  Creek 

No.  1 

N.  Fk.  American 

0.19 

5-214-58 

22 

No.  2 

N.  Fk.  American 

0.48 

5-24-58 

24 

No.  3 

N.  Fk.  American 

0.65 

5-24-58 

66 

No.  5 

N.  Fk.  American 

2/0.39 

-''0.80 

5-23-58 

22 

No.  7 

N.  Fk.  American 

9-19-58 

17 

Castle  Creek 

No.  1 

So.  Fk.  Yuba 

3.96 

5-18-57 

8/352 

Sagehen  Cr. 

No.  1 

Truckee 

y 10.9 

10-21-57 

53 

1/  Subject  to  revision  after  final  field  check  of  areas. 


2/  Revised  July,  i960. 

_3/  24o  samples  taken  at  gaging  station;  112  samples  taken  elsewhere 

in  basin. 

4/  Revised. 
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Table  3 * - -Forest  conditions,  Castle  Creek  basin 


ITEM 

: ACREAGE  SAMPLED  : 

PERCENT  OF  AREA 

FOREST  OPENINGS  ^ / 

Less  than  132  feet  across^y 
Less  than  I32  feet  across—' 

614.3 

24.0 

3c5 

0.1 

132-263  feet  across 

37-1 

lo4 

264=527  feet  across 

124  0 2 

4.9 

528-1,056  feet  across 

129.8 

5.1 

>1,056  feet  across 

1,069.0 

/ 4l.8 

77.3 

Total 

1,977-9 

FOREST  DENSITY 

0-l4  percent 

1,363.6 

53-2 

15” 39  percent 

462.7 

180 1 

40-69  percent 

570  0 7 

22o3 

70=100  percent 

163-0 

6.4 

Total 

2,5&.0 

100.0 

CONDITIONS  IN  OPENINGS^/ 

Grass -Herb 

97.8 

7.2 

Brush 

359-6 

26.4 

Trees 

105.4 

7-7 

Crops 

0*0 

0.0 

Rock-Ground 

689.0 

50.5 

Talus 

91.8 

6.7 

Roads 

2.7 

0.2 

Buildings 

0.0 

0.0 

Streams 

IloO 

0.8 

Lakes 

6*3 

0.5 

S vamps 

0.0 

0.0 

Total 

1,363.6 

100.0 

SLOPE 

0-10  percent 

23.4 

11-20  percent 

40.6 

21-30  percent 

12.5 

31-40  percent 

9-^ 

41-50  percent 

7.8 

51“ 60  percent 

106 

61-70  percent 

1.6 

over  71  percent 

3-1 

Total 

100.0 

SLOPE  DIRECTION 

North 

12.5 

East 

15e6 

South 

43.8 

West 

28.1 

Level 

0.0 

Total 

100.0 

'\J  Collectively  determined^ 

2/  Individually  measured  openings  consisted  of  roads  and  streams. 
3/  Percent  of  total  area* 

5/  Openings  greater  than  I32  feet  across. 
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; 2 2 FREQUENCY  s 2 

s o "OF  c°  PERIOD  COVERED  : PROCESSING 

STATION  s ELEMENT  s INSTRUMENT  : READINGS  : FROM  ; TO  ^ STATUS 
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Synopsis  of  Hydrometeorological  Elements  - 1959- 1960,  Central  Sierra  Snow  Laboratory  July,  i960 
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Page  13li,  Figure  2,  Part  1 
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Figure  5 - Suspended  sediment,  Castle  Creek,  before  and  after  logging. 
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